We used 35 primiparous sows to investigate the link between body fatness at farrowing and voluntary feed intake (VFI) during lactation. Two groups of sows were fed differently throughout gestation (either 2.3 kg/d of a diet containing 5.8% CP and 14.6 MJ DE/kg as fed or 1.7 kg/d of a diet containing 15.6% CP and 14.5 MJ DE/kg as fed) so that they commenced lactation at a similar body weight (158 to 152 kg) but with different body compositions: either 340 (fat) or 280 (lean) g of body fat/kg BW ( P < .001). During lactation, sows were offered either a low-protein diet (7.9% CP and 15.5 MJ DE/kg as fed) or a high-protein diet (19.0% CP and 15.6 MJ DE/kg as fed) on an ad libitum basis. During lactation, VFI was measured daily, and sow body weight and backfat were measured weekly. Blood samples were collected from sows on d 110 of gestation and d 14 and 28 of lactation, and plasma was analyzed for NEFA, glycerol, insulin, glucose, and b-hydroxybutyrate. Fat sows ate 30% less than their lean counterparts during lactation ( P < .001), which corresponded to a 70% higher concentration of NEFA in plasma ( P = .01) and a 30% higher concentration of glycerol ( P = .15). The VFI during the first 2 wk of lactation was affected only by body fatness and not by the protein content of the lactation diet. The dietary supply of protein influenced VFI during wk 3 and 4 of lactation, possibly by affecting milk production and hence the drive to consume feed. Weight loss, particularly lean tissue loss, was minimized by feeding the high-protein diet during lactation ( P < .002).
Introduction
Voluntary feed intake ( VFI) of lactating sows is often low enough to compromise milk production (Revell et al., 1998) and subsequent reproduction (King and Williams, 1984; Kirkwood et al., 1987) . One strategy to overcome this is to feed sows, and particularly gilts, sufficient amounts during gestation so that they begin lactation with adequate body reserves that enable them to cope better with the demands of milk output and subsequent reproduction. However, as feed intake in gestation increases, VFI in lactation decreases (Mullan and Williams, 1989; Weldon et al., 1994a) , and this decrease is associated with an accumulation of body fat (Dourmad, 1991; Williams and Smits, 1991) ; that is, the fatter the sow at the end of gestation the less it will eat during lactation.
How does body fat regulate VFI during lactation? The simplest control mechanisms might involve the monitoring of metabolites or hormones associated with fat metabolism. For example, as body fat increases, the blood concentration of NEFA (Weldon et al., 1994a) , glycerol (Jansson et al., 1992) , or insulin (Woods and Porte, 1976) may increase and insulin sensitivity may decrease (McCann et al., 1986; Weldon et al., 1994b ).
The following experiment tested the hypothesis that the regulation of VFI depends not only on body fatness Table 2 . Composition of the four diets fed during gestation and lactation a Premix composition: vitamin A 10,000 IU/kg, vitamin D 3,000 IU/kg, vitamin E 20 mg/kg, vitamin K 2.2 mg/kg, vitamin B 1 1.0 mg/kg, vitamin B 2 2.0 mg/kg, vitamin B 6 2.0 mg/kg, vitamin B 12 20 mg/kg, niacin 12 mg/kg, pantothenic acid 12 mg/kg, biotin 100 mg/kg, Co .5 mg/kg, Fe 60 mg/kg, Cu 10 mg/kg, I 1 mg/kg, Se .1 mg/kg, Mn 50 mg/kg, Zn 100 mg/kg, and choline chloride 700 mg/kg. , LP  2  2  2  2  1  9  Fat, HP  2  2  2  2  2  10  Lean, LP  2  2  2  2  2  10  Lean, HP  2  2  2  2  1  9 but also on the supply of substrates for milk production. For example, fat sows have lower reserves of protein than lean sows of the same weight, and, if substrates for milk come from body reserves as is the case in early lactation, then milk output may be limited by protein supply. In such a case, a high exogenous source of protein via the diet may stimulate milk production, which in turn may lead to a higher VFI.
Materials and Methods
Experimental Design. The protein and energy intake of Landrace × Large White primiparous sows was manipulated during gestation such that all sows were of similar BW at the start of lactation, but one group ( n = 19) was fat at farrowing whereas the other ( n = 19) was lean. During lactation, sows were offered either a low-protein diet (7.9% CP) or a high-protein diet (19.0% CP) on an ad libitum basis. Resources were not sufficient to permit all sows to undergo the experiment at the same time. Hence, to take into account the effects of season and temperature on feed intake, the experiment was designed so that all treatments were replicated in five farrowing groups (blocks) that spanned an 11-mo period (Table 1) .
Diets. All diets used in the experiment were based on wheat and barley (Table 2) . Two dietary regimens during gestation and two during lactation were used in a 2 × 2 factorial arrangement. During gestation, sows were fed daily at 1000 and received either 2.3 kg/ d of a diet that contained 5.8% CP and 14.6 MJ DE/kg as fed or 1.7 kg/d of a diet that contained 15.6% CP and 14.5 MJ DE/kg as fed. These two diets, based on Williams and Smits (1991) , were used to obtain sows of similar weight at farrowing but of different body composition (i.e., fat or lean). During lactation, sows had ad libitum access to either a low-protein diet ( LP) that contained 7.9% CP and 15.5 MJ DE/kg as fed or a high-protein diet ( HP) that contained 19.0% CP and 15.6 MJ DE/kg as fed (Table 2) . Fresh feed was offered at 0730 and 1600, in approximately equal amounts, with more added to the feeders at any time if necessary to ensure that feed was always available. Uneaten feed was removed and weighed each day before the morning feeding. Data presented for daily VFI were obtained using a 3-d rolling mean to reduce day-to-day fluctuations.
Animal Management. Gilts were mated at their second estrus, at 121 kg BW. Gilts that returned to estrus were not used in the experiment. Immediately after mating, the primiparous sows were moved to individual stalls and, at approximately d 110 of gestation, were moved to a surgery room for insertion of jugular catheters. After recovering from anesthesia in individual pens, the sows were moved to standard farrowing crates until weaning.
Sows were weighed at the start of gestation and at approximately monthly intervals before farrowing. All sows were weighed within 6 d before farrowing and within 2 d after farrowing. During lactation, the sows were weighed each week before the morning feed was offered, and the depth of backfat was measured by ultrasound at the P2 position (65 mm from the midline over the last rib). The average backfat thickness for the left and right sides was used.
Blood Collection. Blood samples were collected from the jugular vein of sows at, on average, d 110 and 111 of gestation. On d 110, after the sows were without feed overnight, blood samples (of approximately 10 mL) were collected at 15-min intervals for 1 h commencing at 0800. At 0900, 200 mL of 5% glucose was infused by syringe into the jugular catheter of each sow. Blood sampling continued at 15-min intervals for 3 h after the glucose infusion. The average concentration of metabolites measured in the five samples collected before the sows received the glucose infusion were used as estimates of "base" concentrations.
After the final blood sample was collected, sows were sedated with an intravascular injection of 10 to 15 mL of Surital (Parke Davis, North Caringbar, NSW, Australia) via an ear vein to permit easier removal of the jugular catheters, and an intramuscular injection ( 1 mL per 10 kg BW) of antibiotic (Terramycin LA, Pfizer Agricare, West Ryde, NSW, Australia) was given. Two weeks after farrowing (i.e., midlactation), and 4 wk after farrowing (i.e., within 2 d before weaning), the sows were deprived of feed overnight (feed was removed at 1600) and, commencing at 0800 the following morning, were anesthetized using Halothane M & B (Rhone-Merieux, West Footscray, Victoria, Australia) to permit the collection of mammary tissue biopsies as part of a separate study. While the sows were under anesthesia, blood samples were collected from an ear vein before feeding.
All blood samples were centrifuged at 800 × g for 10 min to recover plasma, which was frozen and stored at −20°C for later analyses.
Analyses. Plasma samples were analyzed for NEFA concentration by using a commercial kit (NEFA C, Wako, Osaka, Japan). The interassay CV was 6.0%, and the intraassay CV was 9.8%. Plasma was analyzed for glycerol by the enzymatic method of Atwood (1994) . The interassay CV was 6.0%, and the intraassay CV was 7.3 and 17.2% for samples of 517.9 and 59.8 mM, respectively. The limit of detection was 6.07 mM. The b-hydroxybutyrate concentration was determined with the semiautomated method of Thompson et al. (1997) , for which the interassay CV was 5.7% and the intraassay CV was 10.96 and 12.30% for samples of 30.96 and 93.16 mM, respectively. The limit of detection was 2.26 mM.
Plasma insulin was analyzed with the procedure described by Miller et al. (1995) . Intraassay CV of 3 and 13.3% were obtained using two pooled samples containing 5.1 and 21.6 mU/mL, respectively. The limit of detection was .06 m/mL. The glucose concentration was determined with the enzymatic method described by Holmes et al. (1990) , for which the intraassay CV was 5.01 and 5.86% for samples of 3.85 and 7.67 mM, respectively.
Calculation of Body Composition of Sows.
The body fat content of sows (g/kg live weight) was estimated from P2 backfat thickness using the equation derived by Mullan (1991) with a genotype similar to that used in the current experiment. The weight of lean tissue was calculated by difference between live weight and the weight of body fat, assuming that lean and fat represent 95% of the total body weight (Mullan, 1987) .
Statistical Analyses. The data were analyzed by analysis of variance using SuperANOVA (Abacus Concepts, 1989) . Farrowing group, body composition at farrowing (fat vs lean), the protein content of the lactation diet (LP vs HP), and the interactions between the main effects were tested for significance. Plasma metabolites were analyzed by ANOVA with repeated measures to determine whether their concentration varied during lactation.
Results
Of the 38 sows that commenced the experiment, 35 successfully completed their 4-wk lactation. Of the three sows that were removed from the experiment, one had farrowing difficulties and, with poor milk production, was unable to sustain the litter, and two fat sows fed LP were removed from the experiment because their VFI dropped below .5 kg/d over three consecutive days.
The data from the five farrowing groups were pooled within treatments because there were no interactions between the time of farrowing and either the body composition of sows or the protein content of their lactation diet.
Body Weight, Backfat, and Estimated Percentage of Body Fat and Protein at the Start of Lactation.
The estimated gain of maternal tissue was 38 kg for sows fed the low-protein diet during gestation (i.e., fat sows) and 30 kg for sows fed the high-protein diet during gestation (i.e., lean sows) (Table 3) . Body fat accounted for 60% of this gain in the fat sows, but it accounted for only 41% of the gain in the lean sows. The 8-kg difference in BW between fat and lean sows following farrowing represented about 5% of body weight, and the estimated difference in body fat between the two groups of sows was 28% (340 vs 280 g body fat/kg BW). It was estimated that the fat sows had approximately 13 kg more body fat ( P < .001) and 6 kg less lean ( P = .019) than their lean counterparts (Table 3) . Voluntary Feed Intake. The average VFI during the 4-wk lactation for fat sows was 3.59 kg/d, which was about 1.6 kg/d less ( P < .001) than that of their lean counterparts (5.15 kg/d). During the 1st wk of lactation, VFI increased rapidly, and all sows attained at least 60% of their eventual maximum VFI ( Figure  1 ). During wk 1 of lactation, the average VFI of fat sows was 61% of that of their lean counterparts. As lactation progressed, the differences between fat and lean sows decreased such that during wk 2, 3, and 4, the VFI of fat sows was 68, 74, and 78% of that of their lean counterparts ( P < .01).
During the first 2 wk of lactation, VFI was not affected by the protein content of the lactation diet. By wk 3, sows offered HP ate .8 kg/d more ( P = 0.08) than sows offered LP and, by wk 4, the difference in VFI was over 1 kg/d ( P < .01). There was no interaction between the body fatness of sows and the protein content of the lactation diet on VFI during lactation.
Weight Change and Estimated Composition of Weight
Change. Body weight loss from sows during lactation depended on the protein content of the diet offered during lactation (i.e., LP or HP; P < .01) but not on body composition at farrowing (Table 4) . Sows offered HP during lactation lost on average 4.3 kg during the 4-wk lactation (.15 kg live weight/d), and those offered LP lost on average 30.8 kg during lactation (1.1 kg/d).
Fat sows offered LP lost an estimated 17.4 kg of body fat during lactation, whereas lean sows offered LP lost 10.6 kg. Fat sows offered HP lost 8.6 kg of body fat, whereas lean sows offered HP lost only 3.0 kg. The estimated losses of lean tissue during lactation were not affected by body composition at farrowing but did depend ( P < .001) on the protein content of the diet offered during lactation. On average, sows offered HP neither gained nor lost a significant amount of lean tissue, whereas sows offered LP lost on average 16.2 kg lean tissue over the 4-wk lactation.
When HP was offered during lactation, less than one-third of the loss in body weight could be attributed to a loss of lean tissue (27% for lean sows and 14% for fat sows); the majority of weight loss (68 to 81%) originated from fat tissue. In contrast, when LP was offered, approximately half of the loss of body weight could be attributed to a loss in lean tissue and about half to a loss in fat tissue.
Relationship Between Body Composition in Late
Gestation and Blood Metabolite Concentration. During the last week of gestation, the preprandial concentration of glycerol in plasma of fat sows was double that in lean sows (182 vs 96 mM; P < .01; Table 4 ). The concentration of NEFA in plasma was 30% higher in fat sows than in lean sows (655 vs 505 mM; Table 5 ), although this was not significant ( P = .32) because of the very high variation between individual sows (CV = 50%). The preprandial concentrations of insulin and glucose in plasma did not differ between fat and lean sows (average values; insulin 6.6 mU/mL and glucose 4.1 mM; Table 5 ), nor did the plasma concentration of b-hydroxybutryrate (average 10.4 mM; Table 5 ).
Response to Glucose Load Before Farrowing. Following the infusion of glucose, the concentration of plasma glucose increased by approximately 16% in fat and lean sows and had returned to base levels (approximately 4 mM) by 30 min after the glucose load was administered (i.e., the clearance rate was 30 min; Figure 2A 115% for fat and lean sows within 15 min of the glucose load, and it declined to base levels ( 5 to 7 mU/ mL) within 30 min ( Figure 2B ). During the first 30 min after the glucose load, NEFA concentration declined by approximately 25% for fat and lean sows. It took 60 min for NEFA to return to the concentration attained immediately before the glucose load, despite the return by insulin and glucose to base levels within 30 min ( Figure 2C ). The NEFA concentration continued to increase, and glucose tended to decrease, during the 180 min after the glucose load, a time during which no feed was offered.
Responses in Plasma Metabolite Concentration During Lactation.
The preprandial concentrations of NEFA and glycerol in plasma did not vary significantly from the prefarrowing value to wk 2 or 4 of lactation and was not affected by the protein content of the lactation diet (Table 5 ). During lactation, plasma NEFA was 70% higher in fat sows than lean sows (851 vs 493 mM; P = .01). Glycerol concentration also was unaffected by the protein content of the lactation diet and the stage of lactation, but it was 30% higher in fat sows than in lean sows during lactation (135 vs 102 mM; P = .15; Table 5 ).
Insulin and glucose concentrations in plasma were not affected by either the body fatness of sows or by the protein content of the lactation diet (Table 5) . However, the concentrations of insulin and glucose were at least a third higher in the week before farrowing than during lactation (6.6 vs 3.3 to 4.2 mU/ mL for insulin and 4.1 vs 3.1 mM for glucose; P < .001; Table 5 ).
The concentration of b-hydroxybutyrate in plasma did not differ between fat and lean sows, but the concentration in sows offered HP was double that of sows offered LP (average concentration during lactation 30 vs 14 mM; P = .014; Table 4 ). Plasma bhydroxybutyrate at wk 2 of lactation (28 mM) was approximately twice ( P = .003) the concentration before farrowing (11 mM) and at wk 4 of lactation (15 mM) .
Discussion
Voluntary feed intake during lactation depended on the body composition of the sows at the end of gestation, a response that was anticipated. The largest difference in the estimated body composition of the fat and lean sows was in fat rather than lean tissue; fat sows had 30% more body fat but only 5% less lean tissue, and these differences persisted throughout lactation. During the 4 wk of lactation, fat sows ate 30% less than lean sows, which indicates that VFI was negatively associated with body fatness, a conclusion that supports the finding by Williams and Smits (1991) . Offering the high-protein diet during lactation stimulated VFI during wk 3 and 4. The higher VFI of the sows offered HP compared with those offered LP may be a reflection of the increased capacity to produce milk by sows that have a high dietary intake of protein (Revell et al., 1998) . It is unlikely that differences in VFI between the sows fed either the LP or HP diet were due to physical or chemical differences in the ingredients used. Raw sugar was used in preference to starch as the predominant (22%) ingredient to bolster the energy but not protein content of the diet because the sugar has a particle size similar to that of soybean meal and seems to be more palatable to sows than the highstarch diets that we have used previously (Williams and Smits, 1991) . Although sows like sugar and, in our experience, eat it readily, we do not believe that it has any stimulatory effect on VFI on a long-term basis. Similarly, it is unlikely that soybean meal intrinsically has any stimulatory effects on VFI; indeed, if soybean meal is not processed properly and the antinutritional factors such as trypsin inhibitor, urease, or hemagglutinin are not destroyed, it may reduce rather than stimulate VFI.
The differences in lactational VFI between the fat and lean sows in this experiment are of similar magnitude to the differences measured by Weldon et al. (1994a,b) for sows with ad libitum access to feed or sows fed to their requirements during gestation. Weldon et al. (1994a) showed that the total feed intake from d 40 of gestation to d 28 of lactation was the same regardless of feed intake during gestation, and they suggested that sows have the ability to compensate for widely differing intakes during gestation by altering VFI during lactation. A recalculation of the data in Weldon et al. (1994a) shows that from d 40 of gestation through to d 28 of lactation, all sows consumed approximately 3,100 MJ of ME irrespective of the amount they were fed during gestation. The total feed intake during the same time period by sows in the present experiment covered a much greater range, from 2,750 to 3,320 MJ of ME, and was influenced by body composition of the sow and by the protein content of the lactation diet. This suggests that the regulation of VFI is by mechanisms other than by the sows, adjustment of the lactational VFI to compensate for a given amount consumed during gestation. In other words, VFI during lactation may be regulated by specific mechanisms that are either independent or secondary to feed intake during gestation. Woods et al. (1990) proposed that insulin provides the signal to the central nervous system indicating the degree of adiposity of the body. The concentration of insulin in plasma and in cerebrospinal fluid increases as body weight or body fatness increases (Woods and Porte, 1976) . The base concentration of insulin in plasma (i.e., the concentration after overnight feed deprivation) did not differ between the fat and lean sows in the current experiment, suggesting that either they did not differ sufficiently in adiposity or that the differences in insulin are more likely to be measured in cerebrospinal fluid.
Rather than the concentration of insulin per se, it might be that fat sows have fewer insulin receptors than lean sows and exhibit a smaller response to the same amount of insulin. Insulin resistance would lead to the mobilization of stored nutrients and would increase the supply of energy-yielding substrates in plasma. The low VFI of fat sows was associated with higher concentrations of NEFA and glycerol in plasma compared with lean sows. By the end of gestation ( d 110), glycerol and NEFA reflected the degree of body fatness in the sows (340 for fat sows and 280 g/kg body weight for lean sows). The catabolic phase of lactation has normally commenced by about d 105 of lactation (Close et al., 1985) , and, given the greater mass of adipose tissue in fat sows, it is likely that the amount of NEFA and glycerol released from adipose tissue in response to catabolic signals would have been greater than in lean sows.
Differences in VFI between fat and lean sows in the current experiment were not related to differences in plasma glucose or insulin concentration, a finding that is not consistent with the conclusion of Weldon et al. (1994b) that insulin plays a key role in the regulation of VFI during lactation. Weldon et al. (1994b) measured an impaired glucose tolerance in sows offered ad libitum access to feed during gestation compared to ordinarily fed sows and suggested that this would allow plasma glucose and insulin to remain high after a meal, thereby delaying the onset of the subsequent meal and reducing the number of meals per day. Further, they found that a daily injection of insulin during the 1st wk of lactation reduced plasma glucose and increased the VFI of sows that had been overfed during gestation. The exogenous insulin did not alter plasma NEFA.
There are a few possible reasons for a conclusion that differs from that of Weldon et al. (1994b) . In the current experiment, the glucose tolerance test was conducted on d 110 of gestation with a dose of 10 g per sow (about .06 g per kg BW), based on that used by Paterson and Pearce (1994) , who detected a clearance time for glucose (i.e., the time for glucose to return to the baseline concentration after the dose) of approximately 30 min. Weldon et al. (1994b) conducted the glucose tolerance test on d 1 of lactation by injecting a larger dose of 1 g of glucose per kilogram of BW. They detected a clearance time for glucose of 63 min for ordinarily fed sows and 151 min for sows overfed during gestation. It is possible that an impaired glucose clearance (i.e., insulin resistance) was not detected with the small dose used in the current experiment.
The concentrations of NEFA and glycerol in the current experiment remained higher in fat sows than in lean sows during lactation, although they tended to decrease in all sows as lactation progressed. The decreasing concentration is likely to reflect the reduced extent of tissue catabolism from wk 3 of lactation when VFI is near its maximum and milk production has either reached a plateau or decreased (Revell et al., 1998) . Using average values of milk production and VFI for modern-genotype sows, Revell and Williams (1993) calculated that sows may begin to regain positive energy balance by approximately the 3rd wk of lactation. The positive energy balance during wk 3 and 4 was found to be of a magnitude similar to that of the negative balance during the first 2 wk of lactation such that by d 28 the energy balance over a 4-wk lactation for sows may approach zero.
A reduction in VFI has been measured in sheep infused intravenously with long-chain NEFA (Vandermeerschen-Doize and Paquay, 1984) and in rats injected with glycerol subcutaneously (Wirtshafter and Davis, 1977) . An increase in the plasma concentration of NEFA and glycerol would probably lead to an increase in the hepatic oxidation of these metabolites that, in turn, would increase the firing rate of vagal afferent nerves in the liver. The vagal connection from the liver to the brain relays information to the central nervous system to regulate VFI (Booth, 1990) .
Glycerol may be a better indicator of body fatness and of the extent of fat mobilization than NEFA because the only source of plasma glycerol is from the breakdown of triacylglycerides. Very little glycerol is reesterified into triacylglycerides in adipose cells because the activity of glycerol kinase is low. However, NEFA may be reesterified into triacylglycerides before leaving adipocytes, or NEFA may be released directly into the blood circulation. The extent of reesterification varies with physiological state; Dunshea and Bell (1989) found in goats that it ranged from 18% at d 10 of lactation to 67% by d 76 of lactation. The NEFA may be synthesized from a series of reactions commencing with acetyl CoA (Stryer, 1981) , and hence plasma NEFA may not accurately reflect the body fatness of an animal.
During the 4-wk lactation, some of the sows lost considerable body fat (up to 17 kg) and had a low VFI (down to 3.3 kg/d). Sows in this situation may be prone to an accumulation of ketone bodies in plasma. However, in the current experiment, b-hydroxybutyrate did not rise to levels that would indicate ketosis. The concentration of b-hydroxybutyrate ranged from 6 to 42 mM and was similar in level to that measured by Newcomb et al. (1991) for lactating sows. Drackley et al. (1992) indicated that, with dairy cows, ketonemia (subclinical ketosis) was induced when the concentration of b-hydroxybutyrate increased to the range of 390 to 970 mM.
The highest concentrations of b-hydroxybutyrate were found in wk 2 of lactation in fat and lean sows fed HP. This may reflect the higher milk production attained in middle to late lactation with sows offered HP rather than LP (see Revell et al., 1998) and the increased use of body reserves of fat to support high levels of milk production. The fat sows fed HP lost considerably more body fat at this time than lean sows fed HP, but their concentration of b-hydroxybutyrate was not higher, suggesting that lactating sows are able to clear b-hydroxybutyrate rapidly from blood circulation, presumably by using it in the synthesis of short-chain fatty acids in the mammary gland or as a substrate for oxidation.
Despite the fact that fat sows had higher plasma concentrations of NEFA and glycerol during lactation and a lower VFI than their lean counterparts, there was no significant correlation between either plasma NEFA or glycerol and VFI when the data for each sow at d 110 of gestation, wk 2 of lactation and wk 4 of lactation were plotted (VFI = 4.6 − .00072 × NEFA, r 2 = .045; VFI = 4.7 − .00518 × glycerol, r 2 = .087; data not presented). Hence, even though plasma NEFA and glycerol may be negatively associated with VFI at a given time, VFI throughout lactation could not be predicted from plasma NEFA and glycerol alone. Other factors must have been involved in regulating VFI.
Because VFI is part of the homeostatic system, which operates in an attempt to match energy requirements with energy supply (Revell and Williams, 1993) , VFI is likely to respond to a change in energy requirements. The largest factor affecting the energy requirements of a lactating sow is the volume of milk produced. Assuming the nutrient composition of the diet is adequate, VFI of a lactating sow is ultimately limited by the amount of milk produced. The VFI during lactation closely matched the changes in milk production (Revell et al., 1998) and provides evidence for the link between the energy requirements for milk production and the drive to consume feed. It is not possible to separate the cause from the effect with regard to milk production and VFI in this experiment. However, the data suggest that during the first 2 wk of lactation, when VFI was related only to the body composition of the sows, some factor such as the circulating concentration of NEFA or glycerol, or the oxidation of these metabolites, caused a reduction in VFI. As lactation progressed, milk production increased (Revell et al., 1998) , and VFI may then have been influenced more by the amount of milk produced.
Low VFI during early lactation may have important implications on the subsequent reproductive performance of sows. Koketsu et al. (1996a) found from a database with over 25,000 sows that sows with low feed intake during wk 1 or 2 of lactation were more likely to be culled for anestrus than sows that did not suffer a dip in feed intake during lactation. Further, low feed intake during any one of the first 3 wk of lactation has been found to reduce LH pulse frequency and increase the weaning-to-estrus interval and seems to be linked to a reduced plasma concentration of insulin and glucose (Koketsu et al., 1996b) .
Implications
Overfeeding primiparous sows during gestation increases body fatness at farrowing and is associated with a reduction in voluntary feed intake (VFI) during lactation. During the first 2 wk of lactation, VFI depends mainly on body fatness and is not affected by the protein content of the diet. High plasma concentrations of glycerol and nonesterified fatty acids in fat sows are related to, but cannot be used to predict, VFI during lactation. Increasing dietary protein increases VFI during wk 3 to 4 of lactation, probably because milk production increases in response to the increase in dietary amino acids. Body weight loss, and particularly the loss of lean tissue, from lactating sows can be minimized by offering a high-protein diet during lactation.
